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1.  Summary 


In  our  search  for  novel  acetylcholinesterase  reactivators,  we  have  synthesized  a 
number  of  8-a2abicyclo(3.2.l]-oximes,  1-phenyl-3-aminopropane  oximes, 
phenylpiperidino  oximes  and  simple  pyridinium  oximes.  Particularly  interesting  are 
a-hydroxy  oximes,  for  which  a  new  synthetic  method  was  developed.  Our  design  concept 
for  reactivator  molecuies  focuses  on  naturally  cholinergic  molecules  which  have  a 
binding  affinity  for  the  catalytic  site  on  the  enzyme.  Incorporation  of  an  oximino  group 
in  a  molecule  with  an  inherent  affinity  for  the  active  site  should  lead  to  effective 
reactivation.  This  has  been  demonstrated  for  fropyl  (8-azabicyclo(3.2.1))  systems.  An 
X-ray  structure  determination  on  a  member  of  this  class,  namely,  2a-hydroxy-3- 
tropanone  oxime  methiodide  (i),  has  been  carried  out. 

Two  sensitive  assay  procedures  have  beon  devised  and  used  in  our  worX  for  following 
the  reactivation  of  acetylcholinesterase  that  has  been  inhibited  by  diisopropylfluoro- 
phosphonate  (DFP). 
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3.  Background 


This  Annual  and  Fnal  report  covers  the  successful  reduction  to  practice  of  our 

r=jp?=H3==== 

L,n  't-elecfron  density  as  embodied  by  the  1.phenyl-3- 

amlnopropang  system  (suitably  substituted)  ^ 

p.e;“r:;ir 

1™  ^  - '» -  -p. 


The  following  structural  types  fuifin  ,^9  criteria  and  )  3  a  »nH  c  . 
synthesized  successfully:  ^ 


n,c-N  „ 


N-OM 


jc^lj'cirosy-j-tropanune 
oxime  nielhiixlidr 


m  ^Clt, 


»»,C-f<.  o„ 

)l-i: 


»»  "\ 


N  OH 


mi  'X'Jw'Xli'nj’nnour 
oxime  nic(tiitxti<fe 


-  /C  — CII,CM,  M  X 

:  ij 


rrppatione  ( 1  phenyl-3-atninojoxitnc  mctliitKlirl^  analogt 


5 


jipendine 


methiodide  oxime 


2,4-Blsoximino-tropan-3-one 

methiodide 


6 


TTie  foHowinf^ 
standaidized: 


3tcm  was  proposed  originally  and  the  synthetic  approach  is  being 


BicycloheptYl  ^iihydroiinidazolino  sy<ir.» 
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4.  Major  Accomplishments  During  the  Two  Years 

a.  2a-Hyclroxy-3-tropanone  has  been  synthesized.  This  compound  has  been  convcrterl  to 
its  oxime  methiodide  and  its  structure  has  been  determined  by  X-ray  crystallography 

b.  A  series  of  propanone-[l-phenyl-3-amino|  oxime  methiodides  have  been  synthesized. 

c.  The  above  propanone-[l-phenyl-3-aminol  derivatives  have  been  oxidized  iisine 
C^HjI(OAc)2/CH30H/KOH  to  the  corresponding  propanone  f  1 -phenyl-2  hydn^rv  ' 
aminol  dimethylacetal  analogs. 

d.  In  certain  ca.ses  the  above  propanone-(l-phenyl-2-hydroxy-3-amino)  dimethyl.acctaK 
were  hydrolyzed,  converted  to  the  corresponding  a-hydroxy  oximes  and  then  con 
verted  to  the  methiodide  derivatives. 

e.  2,4-Bisoximino  tTopane-3-one  has  been  synthesized.  This  compound  has  been 
converted  to  its  methiodide. 

f.  Synthesis  of  a-hydroxyketones,  a-methoxy  ketones  has  been  achieved  using  hyper 
valent  iodine  oxidation  of  trimethyl  silyl  enol  ethers  of  ketones.  Thus  the  synthesis  of 
reactivation  was  achieved. 

(a)  2-HydroxymethylcarbonylpyTidine  oxime  methiodide. 

(b)  2.6-Bis(hydroxymethylcarbonyl)  pyridine  oxime  methiodide. 

(c)  2-Methoxymethylcarbonyl  pyridine  oxime  methiodide. 

(d)  2,6-Bis(methoxymethylcarbonyl)  pyridine  oxime  tnethiodide. 

g.  A  new  synthesis  of  1.4-diary!butane- 1.4-diones  has  been  developed  using  hypervainnf 
iodine  oxidation  for  the  synthesis  of  bisoximes. 

h.  A  kinetic  prexedure  ha.s  been  developed  for  determining  the  rates  of  reactivatiott  oi 
phosphonylated  acetylcholinesterase. 

i.  The  percentage  reactivation  by  20  oxime  derivatives  synthesized  has  heen  determined 

j.  The  pK,  and  binding  constants  of  the  structurally  related  pair  of  compounds  have  h'’'*" 
determined  and  compared. 

k.  Fifteen  compounds  were  submitted  to  WRAIR  for  further  pharmacological  evainnii^n 

l.  The  fundamental  hypothesis  of  our  project,  namely,  that  rigid,  bridged  bicycii  ■, 
amriionium  oximes  would  be  effective  acctylchnlinestera.se  reactivators,  has  been 
substantiated  in  the  case  of  the  8-azabicycio(3.2. 1 1  system. 
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5.  Discussion  of  Syntheses 

AltfKouMtofth,sr«carchasynUieticallyoseful™ihodfor,l«aJ.,dr>xyta/onof 

"  OCH, 


0 

II 

R-C 


-CH, 


R-  C 


CH2OCK3 


0 

II 


0CH3  A 


N-OR 

II 

R  -  C  -  CRjCII 

A 


quantemory  melhiodid 
6 


•  fl  -  C  -  CH2OH 

±  _ 

™s  m«*od  was  panicdarly  usaful  in  te  caaa  of  oopanone  Q).  Wa  «ra  abla  ,0  cany  o„. 

the  following  reaction  sequence  in  excellent  yield  (Z  ^  ^  JLO  1 )  • 

»f,C-N 


) 


I® 

h,c-n^  h 


N  — OH 


’  ~  KOH-MeOH,  overnight 

ii  =  3N  HCJ;  1  hour 


10  =  tre»  b»s* 

iii  =  NHj0HHCl,NaHC03 

iv  =  Mel 

raaaons.^-^a'ta  wiraa”!  ^  f- 

fordava,„p.ea,  of  snncnaa  va™,  X  ;r„Tar 

2a-Hydroxy-3-tropanonc  (9)  was  described  in  the  literature  h„t  ,h.  „■ 

of  our  material,  65-66°C  was  auite  difr^r^nt  r  u  ^  melting  point  (m.p  ) 

V  j  '  from  the  reponed  m  n  JOI  c- 

nn  .Way  determination,  the  reported  value  mu.t  he  in  error  We  have  rinn”' 
to  show  that  no  inversion  of  confipiiraiinn  ■  l  control  experiments 

able  assumption  is  that  the  mrned  ^^^^^^  -  9  JO  ^  i .  A  reason- 

C(2).  and  is,  in  fact,  2p-hydroxy-3-tropanone  0  1)'”"  '  and  axial  configuration  at 
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Figure  1.  X-ray  Structure  of  2a-Mydroxy-3-tropanonc  Oxinic  Methiodidc  0). 


H,C  — N 


H,C— N 


OSiMv, 


12 


Wc  have  attempted  to  synthesize  21  by  acid-catalyzed  treatment  of  8  and  9  but  we 
observed  no  change  in  configuration.  Tropanone  enol  silyl  ether  (22)  was  synthesized  and 
treatment  with  OsOyN-methylmorpholine  oxide,  OsO^pyridine,  or  m-chlort^)crbenzoic  acid  did 
not  yield  an  u-hydroxylated  product.  Yet  to  be  tried  is  oxygenation  of  tropanone  lithium  enoiate 
and  reduction  ((CHjOljPOl.  Failure  to  yield  any  a  hydroxylated  product,  cither  a  or  p,  in  any 
of  these  a-hydroxylation  procedure.  Obtaining  authentic  2P-hydroxy-3-tropanone  oxime 
methiodidc  is  important  for  our  studies  of  reactivation  as  a  comparison  with  the  2a-analog, 
namely,  2a-hydroxy-3-tropanone  oxime  methiodide  (2)- 

The  next  series  of  compounds  synthesized  were  Mannich  base  derivatives  (13a-e)  and  the 
derived  oximino  methiodides  (14a-e)  via  the  reaction; 

,OH 


C— CH,CH,— N 


13a;  X  =  CHj 
13b;  X  =  0 
13c;  X  =  S 

13d;  X’  =  pyrrolidino 
13e;  X  =  CH2;  R  =  OCH, 


14a;X 
14b;  X  =  0 
I4c;  X  =  S 

I4d;  X’  =  pyrrolidino 
14c;  X  =  CH,;  R  =  OCH, 


Nc.xt  the  Mannich  bases,  13a-e.  were  subjected  to  the  hypcrvaleni  iodine  oxidative 
procedure  to  obtain  the  g-hydroxydimethylaceial.  15a-e: 


OH 


n 


13i 


CM,0  OH  , - - 

I  I  /  \ 

C— CMCH,— N  X 
OCM,  ' - ' 

ISa-t 


18a  - 1  17a  -  • 


Hydrolysis  of  (he  dimcthylacet.nl,  oxiinination,  quaiemiration  is  heinj?  actively  pursued. 
The  next  serie:  of  compounds  synthesized  .ire  essentially  acetyl  pyridine  derivatives: 


) 
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In  order  to  increase  the  ability  of  iropane  alkaloids  to  reactive  Ihe  enzyntc  by  increasing 
the  stability  of  the  oximate  anion  incorporated  with  this  basic  system,  we  synthesized 
2.4-bis  oximino-torpan-3-one  methiodide  (35).  Reaction  of  3-tropanone  with 


Cll. 


s 


w 


t-BuOK 


l-BuONO 


NOH 


H,C 


’  -CLCH,  ,o 


NOH 


t  biiiylniiriie  and  potassium  t  butoside  yielded  2.4  bisoximinotTopane-3-one  (34V  34  on  (juartcr- 
nizalion  with  methyliodide  give  2.4-btsoximinotTopane-3  one  methiodide  in  gosxl  yields. 

funhermore.  in  order  to  increase  the  stability  of  the  oximate  anion,  we  syntliesized 
oximes  containing  a  -hydroxy  or  a-methoxy  groups. 


(a)  This  approach  includes  the  treatment  of  trimethylsilyl  enol  ethers  (36  and  38)  of 
ketones  with  irxlosobenrcne  in  HjO.  Thus  treatment  of  36  and  38  with  iodosobenzene  in  water 
at  rtxim  temperature  yielded  the  a  hydroxy  ketones  (37)  and  (39)  e  g.: 


O 

N 


II 

0 


.Cll, 


(PhlO)^ 


H  C 


0 


(PNO»„ 


H/J’ 


Ml 
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Thus  2-hydroxymcthylcarbonyl  pyridine  (37)  and  2.6-bis(hydroxymcthylcarbonyl) 
pyridine  (39)  so  obtained  were  oximaied  to  corresponding  oximes  40  and  ^  respectively, 
(^latemiution  of  40  and  42  with  methyl  iodide  in  dichloromethane  or  ether  yielded  2- 
hydroxymethylcarbonyl  pyridine  oxime  methiodide  (41)  and  2,6-bis(hydroxymcthylcarbonyl) 
pyridine  oxime  methiodide  (43)  respectively. 


(b)  The  a-meihoxy  ketones  (44  and  45)  respectively  were  synthesized  by  the  reaction  of 
mmethylsilyl  enol  ethers  (36  and  38)  of  ketones  with  iodosobcnzcne-BFj.EljO  in  methanol  at 

-78'’C. 
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Ketones  44  and  45  were  oximated  with  NHjOH  to  ^  and  ^  respectively.  Quatemization  of  46 
and  £7  with  CHjl  in  THF  or  ether  resulted  in  the  formation  of  corresponding  mcthiodides  (48 
and  49)  respectively. 


Finally  we  have  developed  a  synthesis  for  diaryl  1,4-dikeiones  (51).  This  synthesis 
involves  the  coupling  of  trimethyl  silyl  enol  ethers  (50)  of  ketones  with  iodosobenzene  in  dry 
dichloromcthane  under  nitrogen. 


R  -  H.  OCHj.  Cl,  r,  CII5 

However  the  coupling  of  trimcthyl  silyl  enol  ether  (18)  derived  from  rropan-3  one  7 
under  the  presently  developed  carbon-carbon  coupling  conditions  was  unsuccessful. 
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6.  Kinetic  Studies 


Two  very  sensitive  assay  procedures  have  been  used  in  our  laboratory  for  monitoring  the 
activity  of  acetylcholinesterase.  The  first  assay,  with  acetylcholine  as  substrate,  is  based  on 
coupling  away  the  choline  produced  from  the  esterase  reaction  with  choline  kinase,  which 
catalyzes  the  transfer  of  the  y-phosphate  from  ATP  to  choline,  producing  ADP,  and  then 
removed  with  the  pyruvate  kinase-lactate  dehydrogenase  couple,  and  disappearance  of  absorb¬ 
ance  is  monitored  at  340  nm.^ 

The  second  assay  procedure  uses  acetylthiocholine  as  an  alternate  substrate  for  acetyl¬ 
cholinesterase,  and  involves  a  chemical  reaction  between  the  thiocholine  produced  from  the 
esterase  reaction  with  dithiobisnitrobenzoate.  The  product  anion  of  5-thio-2-nitrobcnzoic  acid 
absorbs  strongly  at  412  nm. 

Choline  kinase  and  acetyicholincsterasc  were  purchased  from  Sigma  as  the  lyophilized 
powders.  Each  enzyme  was  dissolved  in  enough  phosphate  buffer,  pH  8.0,  to  make  a  solution  of 
3  units/mJ  for  choline  kinase  and  50  units/ml  for  acetylcholinesterase.  Pyruvate  kinase  and 
lactate  dehydrogenase  were  purchased  from  Boehringer  as  the  glycerol  suspensions  and  were 
used  without  funher  modifications.  The  potassium  salts  of  phospoenolpynivate  (PEP)  and 
NADH  were  from  Sigma;  the  sodium  salt  of  ATP  was  from  Bochringer,  and  acetylthiocholine 
iodide  and  dithiobisnitrobcnzoic  acid  were  from  Aldrich.  All  other  reagents  were  of  the  highest 
quality  commercially  available. 

For  the  first  assay  procedure,  each  cuvette  contained  100  mM  phosphate  buffer  pH  8.0 
(pH  adjusted  with  KOH),  100  mM  KCI.  5  mM  MgCU,  1.0  mM  ATP,  1.0  mM  PEP.  0.2  mM 
MADH,  0.1  mM  acetylcholine.  5  (il  each  of  the  stock  solutions  of  pyruvate  kinase  and  lactate 
dehydrogenase,  100  pJ  of  choline  kinase,  and  various  amounts  of  acetylcholinesterase  arid  water 
to  yield  a  total  volume  of  3.0  ml.  For  the  second  assay  procedure,  each  cuvette  contained  100 
mM  phosphate  buffer  pH  8.0,  0.5  mM  acetylthiocholine.  0.5  mM  dithiobisnitrobcnzoic  acid,  and 
various  amounts  of  acetylcholinesterase  and  water  to  yield  a  total  volume  of  3.0  ml. 

Initial  velocity  studies  were  run  on  a  Cary  17  spectrophotometer  at  ambient  temperature 
with  a  full  scale  sensitivity  of  0.05.  For  the  first  assay  procedure,  the  initial  velocities  were 
expressed  as  the  ptrioles/l  of  NADH  disappe.anng  per  minute  and  were  plotted  venus  the  concen¬ 
tration  of  acetylcholinesterase  used.  For  the  second  assay  procedure,  the  initial  veircities  were 
expressed  as  the  pmoles/l  of  5-thio-2-nitrobenzoic  acid  (TNB)  produced  per  minute  and  were 
plotted  versus  the  concentration  of  acetylcholinesterase  used  (Fig.  2).  It  should  be  noted  that  a 
background  rate  was  observed  in  all  cases  with  both  assay  procedures.  The  background  rates 
were  subtracted  frem  the  acetylcholinesterase  rates,  however,  .so  the  initial  velocities  reported  arc 
the  net  rates. 

Lines  A  and  B  demonstrate  that  both  assay  prtx'cdurcs  are  valid  for  monitoring  the 
activity  of  acetylcholinesterase,  since  the  measured  rate  is  directly  proponional  to  the  concentra¬ 
tion  of  acetylcholinesterase  used. 


.  < 
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Inactivation  Procedure 


200  |il  of  stock  acetylcholinesterase  was  mixed  with  5  drops  of  diisopropylfluorophos- 
phonate  (DFP)  at  25°C  for  30  minutes.  The  soludon  was  then  placed  in  an  Amicon  ultrafiltration 
cell  equipped  with  a  Diaflo  YM  30  membrane.  Two  volumes  (100  ml)  of  0.1  M  phosphate 
buffer,  pH  8.0,  at  4°C  were  passed  thropgh  the  cell  in  order  to  remove  all  excess  DFP.  The 
acetylcholinesterase  was  recovered  in  a  volume  of  10  mJ,  and  assayed  by  both  procedures 
previously  described.  No  activity  (over  background)  was  demonstrated  by  either  procedure.  200 
4l  of  stock  acetylcholinesterase  was  mixed  with  5  drops  of  water  at  2S°C  for  30  minutes.  The 
resulting  solution  was  treated  in  the  manner  described  above  with  less  than  5%  loss  of  activity. 
All  procedures  described  in  this  section  were  carried  out  in  a  glove  box  under  nitrogen  to  protect 
the  investigators.  Any  excess  DFP  was  rendered  inactive  with  concentrated  potassium 
hydroxide. 

Reactivation  Procedure 

Five  ml  of  inactivated  acetylcholinesterase  from  the  previous  step  was  mixed  with  5  ml  of 
0.1  mM  2-praJidoxime  methiodide  (2-PAM)  in  0.1  M  phosphate  buffer  pH  8.0  at  25°C  for  30 
minutes.  The  solution  was  then  placed  in  an  Amicon  ultrafiltraiion  cell  equipped  with  Diaflo 
YM  30  membrane.  Two  volumes  (100  ml)  of  0.1  M  phosphate  buffer,  pH  8.0,  at  4°C  was  passed 
through  the  cell  in  order  to  remove  all  excess  2-PAM.  The  acetylcholinesterase  was  recovered  in 
a  volume  of  5  ml,  and  assayed  by  both  procedures  previously  described. 

The  concentrations  of  the  protein  in  the  resulting  solution  were  also  determined  by 
standard  Biuret  assay  using  stock  acetylcholinesterase  to  construct  a  standard  curve.  Comparison 
of  the  specific  activity  of  the  enzyme  treated  in  this  manner  with  the  specific  activity  of  stock 
acetylcholinesterase  (assayed  by  the  same  procedures)  demonstrated  over  40%  reactivation. 
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Tabte  3.  a„d.„g  S,udi.,  and  Percnnlage  Rnaaivadon 
tropanonc  oxime  methiodides. 


Rcladve  to  2-PAM  for  pyridine  and 


Compounds 


pKa 

potentiometric  spectra 


K,(mM) 


%  Reactivation 


.O' 

»  I 

CH, 


CH,OH 

I 


7.510.2  7.810.1  0.0710.01 


cir" 

’  Jh. 


^ltO.2  0.6 


0.08 1 0.02 


o 


N  ~  OM 


8.4  1 0.6  9.0 1 0.  i  0.40 1 0.02 


e  7o 


CHj 


8.310.2  0.2 


0.06  ±0.01 


/ 


T 


Tabic  4. 


MeSSf' "  10  2-PAM  for  Tmpan«„e  Or.mc 


Compounds 


K,(mM) 

poientiometric  spectra 


%  Reactivation 


42 


9.1+02  7.1  ±0.1 


0.1510.01 


53 


9.310.2  7.110.2 


) 


42 


0.1810.02 


64 


2i 


9.810.2  10,2  +  0.2  0.04  10.01 
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7.  Discussion  of  Kinetic  Data 

Pint,  it  should  be  pointed  out  that  we  have  in  place  a  standardized  and  reliable  assay  for 
determining  percentage  reactivation.  With  the  acquisition  of  the  Vacuum  Atmospheres  Drylab  and 
Guilford  spectrophotometer,  these  studies  should  move  along  even  more  rapidly. 

The  data  presented  clearly  points  to  the  bridged  bicyclic^  oximes,  such  as  i,  H,  and  H. 
valid  substrates  for  funher  synthetic  elaboration  in  order  to  improve  their  reactivation  capabilities. 

8.  Conclusions 

We  believe  we  are  on  the  "right  track"  in  this  work.  Our  design  for  reactivator  structure  was 
based  upon  the  accepted  model  for  acetylcholinesterase  involving  the  complement  to  an  onium 
center  and  a  critical  distance  between  this  center  and  the  blocked  (phosphorylated)  serine  hydroxyl 
group.  Our  approach  emphasizes  the  binding  of  the  reactivator  to  the  enzyme.  Tropane-type 
systems  which  are  cholinergic  offer  an  ideal  "vehicle"  to  deliver  the  oximino  group  to  the  catalytic 
active  site.  It  should  be  emphasized  that  this  approach  could  also  be  applied  to  the  design  of  an 
inactivator  and  this  is  precisely  what  has  been  reponed  recently  in  Russian  acticles.2-3  They  have 
synthesized  a  series  of  alkaloidal  phosphates  and  thiophosphates  as  acetyl  and 
butyrylcholinesterase  inactivators.  These  workers  showed  that  quaternary  bridged  nitrogen 
acetylcholine  derivatives  of  the  type  we  have  studied  are  excellent  substrates  for 
butyrylcholinesterase  and  acetylcholinesterase.  As  stated  in  this  publication,  "large  teams  of 
chemists  and  biochemists  at  the  Institute  of  Bioorganic  Chemismy  of  the  Academy  of  Sciences  of 
Uzbek  SSP,  the  Institute  of  Experimental  Medicine  of  the  Academy  of  .Medical  Sciences  of  the 
USSR,  and  the  Sechenov  Institute  of  Evolutionary  Physiology  and  Biochemistry  of  the  USSR 
Academy  of  Sciences"  have  carried  out  the  syntheses  and  measured  the  hydrolytic  rates  of 
members  of  this  class  of  compounds  (phosphate  derivatives  of  lupane,  cytisine  and  piperidine 
derivatives). 

One  could  use  our  approach  for  the  design  of  a  protective  acetylcholinesterase  by  attaching  a 
carbamoyl  group  to  the  alkaloid.  In  a  sense,  this  is  the  basis  of  the  mechanism  of  protection 
afforded  by  pyridostigmine  bromide.  The  generality  of  this  concept,  as  applied  to  diverse 
alkaloidal  structure,  is  an  interesting  area  of  investigation. 

Turning  to  the  compounds  we  have  synthesized  in  the  present  study,  the  tropane  system  looks 
defmitely  promising.  By  varying  the  ring  size  and  changing  the  orientation  or  position  of  the 
neighboring  hydroxyl  group,  we  believe  we  can  materially  improve  this  system.  Also,  bridging 
via  a  CH2-C)-CH2  group  between  two  cropanyl  units  would  lead  to  a  potentially  interesting 
compound. 

In  conclusion,  we  i’teiieve  that  the  vast  array  oi  naturally  occumng  alkaloids  of 
known  structure  and  geometry  offer  a  fertile  array  for  punuing  the  concept  of  delivery  of  the 
oximino  group  to  the  active  site  via  a  vehicle  of  good  affiiiity  for  the  catalytic  site  on  the  enzyme. 


9.  Synthesis  and  Characterization  of  Compounds 

Materials:  Nuclear  magnetic  resonance  (NMR)  spectra  were  recoitied  on  a  Varian  A60 
or  EM360  spectrophotometer,  chemical  shifts  are  reported  in  parts  per  million  (ppnt  5) 
using  tctrameihylsilanc  (TMS)  as  standard.  Unless  otherwise  mentioned,  NMR  spectra 
were  recorded  on  solutions  of  the  compounds  in  CDCI3.  Splitting  patterns  are  designed  as 
follows:  j,  singlet;  d.  doubicttju  triplet;  g,  quartet;  ju,  mulriplct;  lit,  broad. 

Infrared  (I.R.)  spectra  were  obtained  using  a  Unicam  SP  I.R.  specoophotootetcr.  Melting 
points  were  determined  on  a  Thomas  Hoover  capillary  melting  point  apparatus  and  are 
uncorrected  Mass  spectra  (MS)  were  measured  with  a  Hewlett  Packard  GC/M,S  5985 
apparams  at  70  or  20  cV.  Microanalyses  were  obtained  from  Microan  Lab..  Skokie, 
Illinois.  All  the  new  compounds  gave  satisfactory  analyses  (C,  H,  N). 

Tetrahydrofuran  (THF)  was  dried  over  LiAIHq,  distilled  and  stored  over  a  4A 
molecular  sieve.  Thin  layer  chromatography  (TLC)  was  performed  on  pre-coated  TLC 
sheets,  silica  gel  60  Fl-254  (layer  thickness  0.2  mm,  E.M  reagents).  Column 
chromatography  was  done  on  silica  gel  (60-200  mesh),  available  from  J.  T.  Baker 
Chemical  Company. 


l-Methyl-4-piperidone,  tropan-3-one,  2-acetylpyridinc,  3-acctylpyTidine,2-6,- 
diacetylpyridine  and  quinuclidione  hydrochlondes  are  commercial  products  (Aldrich). 
Other  ketones  used  in  these  studies  ware  prepared  in  the  laboratory.  Their  preparations  are 
given  below. 

l-Phenvi-3-(l-piperidinvl')prQp3none  hvdrf.x~hloride~^ 

A  mixture  of  12.2  g.  (0.1  mole)  of  pipendine  hydrochloride,  0.25  mL  of  concentrated 
HCl,  4.5  g.  (0.15  mole)  of  paraformaldehyde.  30  mL  of  absolute  ethane!,  and  12.0  g.  (0.1 
mole)  of  paraformaldehyde  was  added  to  the  soluuon  and  refluxing  was  continued  for  2 
hours.  To  the  hot  mixture  was  added  250  mL  of  boiling  acetone,  and  the  resulting  solution 
was  cooled  slowly,  finally  in  ice  water.  The  white  cry'sialline  product  was  colleaed  on  a 
filien  21.5  g..  (S5%)  m.p.  192-196°  C,  (literature  [Lit.]*^).  m.p.  (192-193°  O. 

Using  the  above  procedure,  the  following  were  prepared: 


! -Phenvl-?-n -Dvrroiidinvripropanone  h'.  drochh^ride  n3a) 

m.p.  1480-152°  C 
T  yield  =  65.8 

I.R.  (mineral  oil)  cm'*:  1675  (carbonyl  stretch) 

NMR  (DjO):  1,8-2. 4  (6H,  m,  -COCH2-  and  .N(CH2CH2)2;3.0-3.8  (6H,  m. 
■'■N-(CH2)3);  7. 0-8.0  (5H,  m,  aromatic  protons)  and  (6H,  m,  1  ■*’N-(CH2)3). 
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m.p.  161-163°C 
%  yield  =  78.0 

I. R.  (mineral  oil)  cm  *:  1670  (  ^C=0  itr). 


l-Phenyl-3-(4-thiomofpholinyl)propanone  hydrochloride  (13c) 

m.p.  167-170‘’C 
%  yield  *  53.5 

I  R.  (mineral  oil)  cm 1670  (  ^C=0  5tf) 

O 

II 

NMR(DjO);  2.0-2,3  (6  H  m -C-Cnj  and 

3  3-3.4  (6  Hm.N-(aij),) 

7.5-8. 3  (5  H  m.  aromatic  protons). 

1  -(■<-Meihoxyphenyl)-.4-(l  piperidinyD-propanone  hydrtKhloride  (13c) 

m.p.  215  216X  (Lit.  m  p.  216T) 

%  yield  »  5 1 

I. R.  (mineral  oil)  cm 1680  (  stf) 

O 

It 

NMR  (DjO):  1.4-2. 2  (8  Mm,  C-C'Mj  6  piperidine  protons) 

2.7- .V7  (6  Mm.  ‘N-iriL),) 

4 1  (3  M  s.  -onj,) 

6. 7- 7. .3  (2  M  n'.,.  .iromatic) 

7.82-8,2  (2  Mm.  aromatic  pronms). 

!  <4  Mcthoxyphenyl  3  ( 1  pyrrrdidinyDprop.inone  hydrtK'hlonde 

10  p  1  80  1  SH  't ■ 

yield  -  ,'^0  4 

I  R.  (rninen!  oil)  cm '.  If'f)()(  ^(3-OMr) 

NMR  (1)/));  3  2-L7  (6  M  m  ‘N  (CMj),). 


CM 


-2s 


Cf! 


/"> 
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m.p.  186-1880  C 
%  yield  »  50.4 

I.R.  (mineral  oil)  cm'*:  1665  (carbonyl  stretch) 

NMR  (D2O):  3.4-3.9  (6H.  m.  •"N(CHl(lD(Cli2)(CU2)J 
3.0-3.4  (6H.  i.  -COCU2CH2-  and  S{Qi2)2) 

4.2  {3H.J.  -OCU3) 

7.0-7, 4  (2H.  d.  aromatic  pretons) 

8.0-8. 4  (2H,^.  aromatic  protons). 


grgpanmoji  of  2jcetvl-  L-methvIbcnzimidnzole 

'*  Dt-hvdro'Svethvlberirimid.izple5 

A  mixture  of  o-phcnylene  diamine  (0,1  mole),  lactic  acid  (0.12  mole)  and  4N  HCl  (KX) 
mL)  was  refluxed  for  35-60  minutes.  TTie  mixture  was  cooled,  basisified  with  Ag 
ammonia,  washed  with  water,  dned  to  yield  the  desired  material,  m.p.  178-1790  C.  (Lit.^ 
m.p.  178-1790  C).  Yield  *  68%. 


2-Accrvlbenzim]dazolc*^ 

A  solution  of  chromium  trioxide  (’  .5  g..  .015  mole)  in  water  (5  mL)  was  addeu 
dropwise  to  a  solution  of  (1  )2-a-hydroxylethylbcnzimidazole  (3.24  g..  0.02  mote)  in 
glacial  accac  acid  ( !  5  rriLi  at  C.  The  reacQon  mixture  was  heated  at  100*^  C  for  an 
.iddifionsi  s  -runutcs  oT.d  then  |>>ujcd  imo  2o0  mL  of  water.  A  tlocculent  precipitate  was 
discarded.  The  filtfate  was  extracted  with  CHCI3  (3  X  50  mL).  and  the  combined  extracts 
were  dned  (MgS04)  and  evaporated  under  reduced  pressure.  Crystallization  of  the  residue 
from  benzene  (6()-80  ml.)  cave  Z  acetylbcnzimidazole.  2. 1  g.  65%. 
m.p.  187-lH9!OC(Lit.<^mp.  1«8-I8y<’0 
I.R,  (Nujol.  ciir ' ):  -16.sn  (carbonyl  stRtch) 

Yield  65% 


2_A  c.cfxLl-JTttbYJ  !x.n  zimi  di!  <J.2) 

Meihyl  sulfate  ( 1  26  ml.,  0  013  molei  was  adited  to  a  solution  of  Z  acctylbenziinidazoie 
(1.6e.()  ()l  mole)  in  2.N' S(xiiiim  hydnmde  1 1  ^  ml  1  ITie  mixture  was  cooled  to  C®  C  and 
-:.ned  .\  ,-rec;rit.i:e  Icnned  .1  '-I'i  -i::;: a.!-'  filtered  off,  wa^hed  Aith  cold 

water  and  dned  to  give  2  .icei>  1- 1  -ineths  l-txrnzimid.i/olc  (().,S5  g.  -50%)  m  p,  7.'^-75‘’  C 
(Lit.'’  m  p,  74‘’-75'’  C).  .N.MK  2  76  (s.  .’H.  roCili).  4  05  (s.  311.  N  CU3).  7.25-7.‘i 
(  IH,  aromatic  protons). 
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General  Procedure  for  PrrcanriQn  of  a-Hydroxvaceals: 

Pexassium  hydroxide  (0.15  mole,  3  eq.)  was  dissolved  in  80  mL  of  methanol  with  ice-bath 
cooling,  and  a  solution  of  the  ketone  (O.OS  mole,  1  eq.)  in  methanol  was  added  dropwise 
through  a  pressure-equalized  addition  funnel  and  stirred  over  a  period  of  30  minutes.  Then 
solid  iodobenzene  diacetace  (0.055  mole,  1 1  eq.)  was  added  in  portions  during  a  10  minute 
period.  The  reaction  mixture  was  stirred  at  room  temperarure  overnight  Most  of  the  mcth’nol 
was  evaporated  in  vacuo,  then  the  residue  was  added  to  water  and  K2CO3  to  saturate  the 
solution,  followed  by  extraction  with  CHCI3  or  ether, dried  (MgS04),  and  concentration  in 
vacuo  to  give  the  crude  product  (with  iodobenzene).  Final  isolation/purification  of  the  product 
was  done  by  column  chromatography  or  crystallization  (described  in  individual  cases).  These 
compounds  exhibited  the  properties  listed  below. 

3- 1  lydrowr-l-PiPcndQne  dimethvlacetal 

This  acetal  was  isolated  by  addition  of  hexane  to  the  crude  product  followed  by  cooling  the 
solution  in  a  refrigerator  overnight.  Colorless  crysuHine  solid  (recrystallizadon  from  hexane) 
m.p,  109-1 10°  C  was  obtained  in  54%  yield.  ^H-NMR:  3.24  -3.28  (s,  3H,  C4-OCH3), 
3.82-3.90  (m.  IH.  CtD-  Mass  spectrum:  m/z  175  (M^'.  22).  143  {M-OCH-i,  45),  126  (55). 
112  (43),  86  (100). 

2-a-Hsdr<:AvTOpan-3-one  dimethvlacetal  (8) 

Tnis  compound  was  isolated  by  column  chromatography,  using  ethyl  acetate  and  methanol 
(75:25)  as  eluent.  Rccrystallization  from  hexane  gave  pure  colorless  crystals.  M.p.  85-86°  C 
in  33*7;  yield.  IhNMR:  3,24  (s.  3H.  C3-OCU3).  3.29  (s.  3H.  C3-OC}l3).  3.88-3.90  tm. 

IH.  C2-H):  Mass  Spectrum;  m/z  210  (M^  58).  170  (M^  22).  143  (M-OCH3.  45).  126 
(55).  112(43).  86(100). 

1 .1  -Dimcthoxv- 1  •phenvl-3-(  1  -DipenJinvl)t?r(^Dan-2-oI(15jJ 

This  was  isolated  in  50%  yield  by  repeated  crystallization  from  hexane,  m.p.  80-81°  C. 
UlN.MR:  3  23  (s.  311  Ci-OCH3).  3..38  (s.  311.  C1-OCH3).  3,95.  4.15  (d.  Ilf.  C^ii) 

.Mass  Spectrum:  m/z  279  (.M*6).  151  (46).  128  (52).  98  (1(X)). 

1  ■  1  -Put, ethoxy- 1  ■phcnvl-3-(  1  -pYm^lidmvi ;rn'p.in-2-ol  (15  0) 

This  was  isolated  in  25%  yield  by  crystallization  from  hexane  m.p.  77°-78°  C.  *  UNMR: 
1.73  itp,  4H,  -.hi CH''Cli2 >2 '•  "GCHt)  3  4^  (s,  311.  • 

OCH  t),  3. .35  (s.  111.  CHOLD.  404-4  27 'd.  IH.  ('UOH).  7.18-7.<)3  (m.  511.  .irnmatic 
protons;  MS:  m/z  265  (M-*-.  0.4).  235  (3).  151  (16,2)  121  (1)  85  v))  84  (100). 


28 


12^:DmKthQxv-l-Dhenvl-3-(4-morDholinvl)-DroDan-2-ol  (15  b) 

The  product  was  obtained  in  60%  yield  by  crystallization  from  hexane,  m.p.  15-76°C. 
iH  NMR:  3.25,  3.40  (s.  3H.  CiOCH3).  4.02-4.20  (dd.  IH,  C2lD(J  »  3  Hz);  MS:  m/z 
281  (M+  I)  151  (48)  130(18),  100(100). 

l. -l-Dimethoxv-l-phenvl-3-(4-thionK)n)holinv!)-DTODan-2-Ql  (15  c) 

A  colorless  solid  separated  out  when  water  was  added  to  the  residual  reaction  mixnire 
obtained  after  evaporation  of  methanol.  Hexane  was  added  and  the  resulting  mixture  was 
stirred  for  3  min  ites.  Filtration  followed  by  washing  with  cold  hexane,  followed  by  water 
and  then  drying  (under  suction)  gave  pure  product  in  65%  yield,  m.p.  129-130°  C.  ^H 
NMR;  3.22  (s,  3H.  CiOCH3),  3.38  (s,  3H,  C1OCH3).  3.98-4.16  (dd,  ID,  C2H);  MS; 
m/z297  (M+  1)  151(40). 

2.2-Dimethoxv-2-(3-pvridinvl)ethanol  (20) 

This  was  obtained  in  60%  yield  from  2-accty!pyridine  using  CH2CI2:  CH3COCH3 

(95;5)  as  eluent  (Rf  =  0.35)  m.p.  570-59°  C.  ‘H  NMR;  2.15  (s,  IH,  OtD.  3.25  (s,  6H, 
OCH3),  4-00  (s-  2H,  CH2).  7.25  (m,  IH,  C4-E).  7.75  (m.  2H,  C3H5ID,  8.60  (m,  IH, 
Cfi-H);  MS;  m/z  183  (M+),  166,  152,  136,  106,78. 

2J’-DimethQXY-2-(3-pvridinvl)eihanol  (25)  or  3-(HvdroxYmeihvlcarbQnvl)  p>Tidine 

This  acetai  was  also  prepared  according  to  the  general  procedure  for  preparation  of  a- 
hydroxyacetals.  3-Acerylpyridine  and  iodobenzene  diacetate  were  mixed  in  equimolar 
ratio,  The  purification  in  the  final  stage  was  done  by  precipitaiton  with  hexane  (which 
dissolves  iodobenzene).  Rccrystailizaiion  from  hexane-ether  gave  pure  xetal  in  38%  yield. 

m. p.  88-89°  C.  IR;  No  carbonyl.  3300-3160  (br.  OH  stretch).  NMR;  3.22  (s,  6H, 
C(CH3)2),  3.76  (s,  2H, -CH2OH),  7. 15-8.5  (m.  4H,  4  pyridinnium  protons):  MS:  m/z 
183  (M+  0.32).  152  (M-(X:H3.  100).  122  (2.04)  120  (8.6)  106  (16)  78  (4). 

2.6-Bis-(hvdroxvTnethvlcarbQnvl)pYndine  tetramcthvl  diacetal  (30) 

Potassium  hydroxide  (5.6  g.  0. 1  mole)  was  dissolved  in  50  mL  of  CH3OH  at  0°  C 
with  stirring,  and  2,6'diacetyl  pyridine  (1.63  g.  0.01  mole)  was  added  over  a  10  minute 
period  to  the  solution  while  immersed  in  an  ice  hath.  Subsequently  iodobenzene  diacetatc 
(6.44  g.  0.02  mole)  was  added  in  ponions  dunng  10  minutes.  The  reaction  mixture  was 
stirred  at  room  temperature  overnight.  CH3OH  was  removed  in  vacuo.  40  mL  of  H2O 
was  added  and  the  resulting  solution  was  directly  extracted  witii  chloroform  three  times. 

The  chloroform  extracts  were  combined,  dried  with  anhydrous  Na2S04.  and  filtered. 
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After  the  chloroform  was  removed,  the  residue  was  purified  by  silica  gel  preparative  TLC, 
using  elution  solvent  CH2Q2:acetone,  1 30:20,  to  get  a  white  solid,  Rf  *  0.30.  The  solid 
was  crystallized  with  acetone  to  obtain  white  crystals  (2.0  g,  72%  yield)  of  2,6- 
bis(hydroxymcthylcarbonyl)pyridine  tetramethyl  diacetal,  m.p.  153-1540C;  ^HNMR 
(CDCI3),  3.5  (s,  2H,  -OH).  3.9  (s.  4H.  -CH2-),  7.7  (s,  2H.  3,5  pyridinium  protons), 

7.95  (s.  IH.  4-pyridinium  proton).  IR  (KBr)  n^  3500-3300  (strong),  no  C=0 

stretching.  Mass  spectrum  (70  eV)  m/z:  287  (M"*"),  256,  239, 220,  207,  192,  177,  164, 
153,  137,  121,  113,  105,  92,  77. 

2-HYdroxyTneihvlcarbonvl- 1  -methylbenzimidazole  dimcthvlacetaL(33) 

This  acetal  was  obtained  from  2-acetkyI-l -methylbenzimidazole  using  the  same 
conditions  as  mentioned  in  the  general  procedure.  The  characteristics  are  as  follows: 
m.p.  133-1340  C;  %  yield  =  60;  IR  (Nujol  em'h:  C=0  absent.  3400-3500  (OH  stretch); 
iH  NMR:  3.22  (s,  6H,  -C(OCH3)2-).  3.83  (s.  3H.  -NCH3).  3-95  (s.  2H,  -CH2OH); 
mass  spectrum:  m/e  237  (M"*"  1)  236  (M'*',  1%)  205  (M-31, 100%). 

Preparation  of  a-HYdrpxYkciQags: 

The  hydrolysis  of  all  the  acetals  described  in  previous  experiments  was  attempted  using 
various  conditions.  Only  a  few  cases  were  successful.  The  details  of  these  experiments 
are  given  in  the  following  description,  whereas  hydrolysis  of  other  compounds  are  under 
study. 

2-a-Hvdroxv-tTopan-3-one  (9) 

1 .0  G  of  2-a-hydroxy-tropan-3-one  was  dissolved  in  10  mL  of  water  and  to  the 
resulting  solution  was  edded  10  mL  of  6N  HCl.  The  mixture  was  stirred  at  room 
temperature  for  1  hour  and  then  saturated  carefully  (effervescence  occurs)  with  solid 
K-,C03'  Fxtracrion  with  CHCI3  (5  X  40  mL)  followed  by  drying  over  MgS04  and 

concentration  in  a  vacuum  gave  crude  ketone  as  an  oil  which  could  be  crystallized  from 
hexane  to  give  pure  product  as  colorless  crystals.  M.p.:  65-66°  C;  %  yield  =  55;  IR 
(CHClilcm"*:  1715  (carbonyl  stretch),  3505  (-OH  stretch);  *HNMR;  2.52  (s,  3H, 
NCLi3).  4  :o  iv  IH.  (J=7ilz).  3.3-3.55  tm,  IH.  Ci-H,  C5H.);  MS:  rrv'z  155  (4' 

125  (2.15),  124  (1.8),  112  (16)  98  (30)  96  t4()),  82(100). 
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3-(HvdrQxvmethvlcarbonvnDvncline  (26) 

1.0  G  of  the  acetal  was  suspended  in  10  mL  of  water  in  a  200  mL  Erlenmeyer  flask  and 
about  30  mL  of  6N  HQ  was  added  with  stirring.  The  resulting  solution  was  left  at  room 
temperature  for  20  hours.  Aqueous  NaHC03  solution  was  added  until  the  acetal  solution 
was  basic.  It  was  extracted  with  CHa3  (5  X  40  mL),  dried  (MgS04)  and  concentrated  to 
>rield  0.45  g  of  3’- hydroxymethyl  carbonyl  pyridine  (from  acetone).  M.P.  1 10-112°  C;  % 
yield  =»  60;  NMR:  4.84  (s,  2H,  -COCH20^^»  7.25-9.0  (4H,  pyridinium  protons);  IR 
(KBr):  1715  cm*!  (r==0  stretch);  MS;  m/z  137  (M+  5),  107(11).  106  (100)  79  (13).  78 
(92). 

2.6-Bis-(hvdroxvmethvlcarbonvl)  pyridine 

1  G  of  2,6-t)i5-(hydroxymethylcarbonyl)  pyridine  tetramethyl  diacctal  was  dissolved  in 
a  solution  of  500  mL  of  acetone  and  5  mL  of  water  containing  150  mg  of  p-toluenesulfonic 
acid.  This  mixture  was  then  stirred  at  room  temperature  for  6  days 
with  the  cap  in  place.  After  this  period,  acetone  was  evaporated  and  then  water  added;  the 
resulting  solution  was  neutralized  with  dilute  aqueous  sodium  bicarbonate  and  then 
extracted  with  chloroform  (4  X  1(X)  mL).  The  chloroform  layers  were  collected,  dried 
with  anhydrous  sodium  sulfate  and  filtered,  after  which  the  solvent  was  removed  in  vacuo. 
White  needle  crystals  resulted  and  recrysiallization  with  acetone  yielded  400  mg  (60% 
yield)  of  2,6-bis-(hydroxymethylcarbonyI)  pyridine.  M.p.  120122°  C;  %  yield  =  60;  IR 
(KBr):  35003300cm-l  (OH  stretching).  1710  (C=0  stretching);  IH-NMR  (€003)  5: 
1.25  (5.  2H,  OH),  5.25  (s,  4H.  -CH2')»  8.108.25  (m,  3H.  pyridinium  protons).  Mass 
(70eV)m/e:  Calculated  molecular  weight  for  C9H9NO4:  195.  Found:  195  (M"*"),  164, 
137,  121,  105,  91,  84,  77. 

Anempted  hvdroivsis  of  2-)hvdroxvmethvlcarhonvl)-l-meihvlbenzimjdazole 
The  hydrolysis  of  the  2-(hydroxymethy!carbonyi)-  1-mcthylbenzimidazoIe 
dimcthylacetal  was  attempted,  using  the  following  conditions: 

A;  Different  Concentrations  of  HCl  and  vary  ing  reaction  times.  Only  starting 
material  was  obtained. 

B,  p-Toluenesu!t'onic  aci  :-}l20ace:cre.  v  .r.ing  time  period  from  1-12  days. 

Starring  acetal  was  obtained. 

C.  Sulfuric  acid.  This  also  gave  starting  material. 

We  are  still  working  on  this  problem  and  have  tried  the  following  alternative  method: 
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Step  1:  2-Bromoacetyl-l-methylbenzimidazole  hydrobromide^ 

A  solution  of  bromine  (.001  mole)  in  CCI4  (20  ml)  was  added  dropwise  to  a  suspension  of 
2-acetyl- 1-methylbenzimidazoIc  (.001  mole)  in  CQ^  (20  ml).  The  re.sulting  mixture  was 
refluxed  until  the  color  of  bromine  di.sappeared.  Cooling  and  filtration  gave  2-o^bromoacetyl- 
l-methylbcnzimidazole  hydrobromide  (80%). 

Step  11:  Reaction  of  2-bromoacetyl-l-methylbenzimidazole  with  potassium  hydroxide 

The  bromoketone  hydrobromide  obtained  in  the  last  step  was  treated  with  KOH  in  EtOH 
and  a  little  water.  A  brown  .tolid,  which  is  uncharacterized  as  yet.  separated  out.  Thus  we  did 
not  get  the  desired  a-hydroxyketone  by  this  method. 

2,4-Bisoximinotropan-3-one  Melhiodide  (35): 

2.4- Bisoximinotropan-3-one  (34): 

To  a  solution  of  3-tropanone  (1.  1..39  g,  0.01  mole)  in  t-butyl  alcohol  was  added.  0.02 
mol  of  t-Buok  and  0.025  mole  of  t-butyinitrite.  The  contents  were  stirred  at  room  temperature 
for  36  hours.  Then  solution  was  neutralized  with  HCl.  Solid  so  obtained  was  filtered  and 
crystallized  from  methanol. 

m.p.  =  166-168®C 
%  yield  =  40 

IR  (Nujol)  cm  ':  3325  (broad.  0-H  .stretching).  1720  (sharp  C=0  stretching).  1660  (sharp.  C=N 
stretching). 

'H-NMR  (DMSO-dj^  5:  2,8-3. 1  (m.  4H.  2  x  CH,).  3.12  (s.  311.  N-C^).  5.4  (m.  2H.  2  x  CH). 

2.4- Bisoximi.iotropane-3-one  Methiodide  (35): 

Bisoximinotropane-3-one  (2)  was  dissolved  in  50  ml  of  dry  TTIF  in  a  100  ml  R.B.  flask. 
To  this  excess  of  methyliodidc  was  added  and  flask  was  stoppered  tightly.  The  contents  were 
allowed  to  stir  for  36  hours  at  room  temperature.  Solid  so  obtained  was  filtered  and  washed  with 
20  ml  of  dry  THF  and  was  dried. 

m.p.  =  228-230°C 
%  yield  =  35 

IR(KBr)  cm  3320  (broad  0-H  stretching),  1720  (sharp.  0=0  stretching),  1650  (sharp  C=N 
stretching). 

'H-NMR  (DMSO-dft)  5:  2.8-3. 1  (m.  4H.  2,x-C'Hj-).  3.2  (s.  3H.  N-CHj),  3.4  (s,  3H,  CII,).  5.4  (m, 
2H,  2xCH). 

CgHj^NjOjI:  Requires  (%)C  =  48.73.  H  =  5.58.  N  =  21.32.  Found:  (%)C  =  48.44.  11  =  5.67,  N  = 
21.28. 
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Silyl  Enol  Eihers 


The  silyl  enol  ethers  36,  and  ^  were  prepared  from  the  respective  ketones  according 
to  the  general  method  A  of  House  et.  al.*  However,  dilute  hydrochloric  acid  was  not  used  in  the 
workup,  because  acid  hydrolysis  of  the  silyl  enol  ethers  occurred  to  a  significant  extent  in  some 
cases.  The  ratio  of  the  reactants  was  the  same  in  the  ca.se  of  monoketones,  but  a  double  amount 
of  chlorotrimethyisilane  and  triethylamine  was  used  in  the  preparations  that  start  from  a  diketone, 

2.6- diacetylpyridine  (7b).  All  silyl  enol  ethers  were  distilled  before  use. 

Preparation  of  2,6-Diacetylpyridine  Bisfsilyl  enol  ether)  (7b) 

To  a  solution  of  32.60  g  (0.30  mol)  of  chlorotrimethyisilane  and  60.60  g  (0.60  mol)  of 
triethylamine  in  200  mL  of  dimethylformamide  was  added  2,6-diacctylpyridinc  (5,  20.38  g, 
0.125  mol).  The  resulting  mixture  was  refluxed  with  stirring  overnight  and  then  cooled,  diluted 
with  400  mL  of  pentane,  and  washed  with  three  300  mL  portions  of  ice-cold  aqueous  sodium 
bicarbonate.  The  aqueous  layer  was  extracted  with  pentane  (2  x  150  mL),  and  the  combined 
organic  phase  was  washed  with  cold  aqueous  .sodium  chloride  .solution  (200  mL).  The  resulting 
pentane  solution  was  dried  and  concentrated  in  vacuo  to  yield  crude  silyl  enol  ether,  92%. 
Distillation  gave  pure  product;  bp  129-I3I°C  (0,05  mm);  29.5  g  (77%);  'H  NMR  (CDClj)  5  1.02 
(s.  18H).  4.53  (s.  2H).  5.76  (s.  2H).  7.56  (m,  3H). 

General  Procedure  for  the  Preparation  of  the  a-Hydroxyacetophenones  (50). 

Boron  trifluoride  diethyl  ether  (2.84  g,  20  mmol)  and  then  the  silyl  enol  ether  (10  mmol) 
were  added  to  a  stirred  and  ice-cooled  (O-5'’C)  suspension  of  iodosobenzene  (2.42  g,  1 1  mmol)  in 
water  (50  ml).  The  mixture  was  stirred  for  2  h.  after  which  the  temperature  was  raised  to  room 
temperature;  stirring  was  then  continued  for  a  further  2  h,  during  this  time  all  of  the  iodosoben¬ 
zene  went  into  solution  indicating  completion  of  the  reaction.  The  solution  was  neutralized  with 
an  excess  of  solid  sodium  hydrogen  carbonate  and  then  extracted  with  dichloromethanc  (5  x  50 
ml).  The  combined  extracts  were  dried  (MgSO^)  and  concentrated  under  reduced  pressure  to 
yield  the  crude  product  which  contained  iodobenzene  as  a  major  impurity.  Final  purification  was 
by  column  chromatography,  distillation,  or  crystallization.  In  the  cases  of  solid  products  addition 
of  hexane  generally  removed  iodobenzene  and  the  crystalline  solid  separated  out  of  the  solution 
(Table  1). 

2-Hydroxyacetylpyridine  (37) 

A  pure  colourless  crystalline  product  (62%)  m.p.  70-7 1 "C  (lit.’  68-70°C)  was  obtained  by 
addition  of  mixture  of  hexane  and  diethyl  ether  <20  ml  each)  to  the  crude  product,  followed  by 

nitration  and  ctmling  of  the  filtrate  at  ()"(!. 

2.6- Dis-(hydroxymethylcarbonyl)  pyridine  (39) 

White  needle  crystals  resulted  and  nccrystallization  with  acetone  yielded  400  mg  (60%) 
yield  of  2,6-bis-(hydroxymelhylcarbonyl)  pyridine,  m  p  120-122°C.  IR  and  NMR  characteris¬ 
tics  are  the  same  as  reported  earlier. 
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2-{(Meihoxymethyl)carbonyl|pyridine  (44) 

Boron  trifluoridc  ctherate  (17.00  g.  0. 12  mol)  was  dis.solved  in  dry  dichloromcthane  (500 
mL),  and  iodosobcnzcne  (9.68  g,  0.044  mol)  was  added.  The  mixture  was  cooled  to  -70°C  and 
then  silyl  cnol  ether  6  (7.72  g.  0.040  mol)  was  added.  Finally,  methanol  (10  mL)  was  added. 
The  reaction  mixture  wa.s  stirred  at  -70°C  for  1  h,  and  then  the  temperature  was  slowly  rai.sed  to 
room  temperature.  Stirring  was  continued  for  another  30  min.  Water  (50  mL)  was  added,  and 
the  mixture  was  neutralized  with  a  saturated  solution  of  sodium  bicarbonate  and  then  transferred 
to  a  separatory  funnel.  The  aqueous  layer  was  extracted  with  dichloromethane  (4  x  50  mL).  The 
organic  phases  were  combined,  dried  with  magnesium  sulfate,  and  concentrated  in  vacuo  to  yield 
the  crude  product  which  did  not  show  any  starting  material  (by  TLC  and  NMR).  Distillation  of 
crude  product  afforded  pure  8:  4.24  g  (70%);  bp  82-83°C  (0.05  mm)  (some  of  the  product 
decomposed  during  distillation;  higher  temperatures  for  distillation  arc  not  recommended): 

IR  (neat)  1720  cm  '  (C=0  str) 

'H  NMR  (CDClj)  5:  3.53  (s,  3H,  OCH,),  5.02  (s,  3H,  C(=0)CHj),  7.30-8.05  (m,  3H.  pyridine), 
8.62-8.80  (m,  IH,  pyridine) 

MS.m/z  151  (M*.  10).  136(100). 

Anal.  Calcd.  for  CgH,NOj:  C.  63.58;  H,  5.96;  N,  9.27.  Found:  C,  63.29;  H.  6.10;  N,  9.1 1. 

2,6-Bis[(methoxymethyl)carbonyl]pyridine  (45) 

Silyl  enol  ether  7  (6.14  g,  0.020  mol)  was  treated  with  iodosobcnzcne  (8.80  g,  0.040  mol), 
boron  trifluoride  etherate  (11.36  g.  0.080  mol),  and  10  mL  of  methanol  in  500  mL  of  dry 
dichloromethane.  To  the  crude  mixture  (obtained  as  described  in  case  of  8)  was  added  hexane 
(50  mL),  and  the  resulting  mixture  was  allowed  to  stand  for  a  few  minutes,  filtered,  and  cooled 
slowly  to  about  10°C.  After  30  min,  colorless  crystalline  product  [2.67  g  (60%);  mp  100-101°C1 
was  collected  by  filtration  and  drying.  Recrysfallization  from  hexane  gave  an  analytical  sample, 
mp  IOl-102'’C,  Filtrates  gave  more  of  the  product: 

total  yield  3.16  g  (71%); 

IR  (Nujol)  1720  cm  ' 

'H  NMR  (CDCIj)  5:  3.55  (s,  6H.  2  Oaij).  5  05  (s,  4H.  2  CHjOCHX^O),  8.05-8.40  (m.  3H. 
pyridine) 

MS.  m/z  223  (M  \  10).  208  (M'^Me,  100),  192  (8),  176  (18).  134  (27),  105  (20). 

General  Procedure  for  Preparation  of  Oximes 

Unless  stated  differently,  the  following  general  procedure  was  used  for  preparing  the 

oximes; 

The  ketones  were  treated  with  a  slight  excess  of  NHjOH'HCl  and  NaHCOj  at  reflux  in 
EtOM  for  I  hour.  The  reaction  mixture  was  filtered  while  warm  and  concentrated  under  a  rotary 
evaporator,  and  the  residue  obtained  was  recrystallizcd  from  an  appropriate  .solvent.  These 
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oximes  had  the  following  propenies: 

4-Piperidone  oxime: 

m.p.  1 281- 1 290  c  (lit.  8  m.p.  1 29- 1 30°  C):  %  yield  =  87. 


TroFan-3-one  oxime: 

m.p.  112-1 130  c  (lit  9  m.p.  1 10-1 1 1°  C);  %  yield  =  82. 


Qiiinuclidinone  oxime: 

m.p.  210-215  o  C;  %  yield  =  90;  IR  (KBr);  no  carbonyl;  FeCl3  test -t- ve. 


l-Phervl-3-(l-piperidinvl')propanone  oxime 

ITiis  was  obtained  in  80  %  yield  on  addition  of  water  after  evaporating  the  ethanol; 
m.p.  146-1480  C  (lit.'^  m.p.  1430  C). 


I-Phenvl-3-(l-p.vTTolidinvnproDane.oxime: 

This  oxime  was  isolated  on  addition  of  water  to  the  residue,  obtained  after  evaporation 
of  ethanol,  m.p.  150-1510  C;  %  yield  =  75. 


1  -Phenvl-3-(4-morpholinvl')-propane  oxime 

This  oxime  was  also  prepared  as  mentioned  in  the  last  experiments;  m.p.  146-1470C, 
%  yield  =  65. 


l(-4-.Vfeihoxvphenv!)-3-(l-piperdi.'ivl)propanone  oxime: 
m.p.  1 3.5- 1 360  C  (reponed  1 360  C);  CP  yield  =  65. 


) 
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2-a-HvdroxvtroDan-3-one  Qxime  hydrochloride  riOa) 


To  a  solution  of  NH2OHHCI  (0.01 1  mol)  in  McOH  (25niL)  was  added  a  solution  of  2- 
hydroxytropan-3-one  in  .MeOH  with  stirring  during  5  minutes.  An  exothermic  reaction 
occurred  and  colorless  solid  separated  out  of  the  solution.  Cooling,  filtration  and  drying 
gave  oxime  hydrochloride,  m.p.  1900-195°  C  (decomposition),  %  yield  =  90. 


2-a-HvdrDxvTropan-3-Qne  oxime  (10) 

Hydrochloride  salt  obtained  in  the  last  experiment  was  dissolved  in  20  mL  of  water  and 
then  saturated  with  solid  K2CO3.  Isolation  by  extraction  with  CHCI3  (5  X  25  mL)  gave 
pale  yellow  crystals  0*  ime,  m.p.  165-169°  C  (decomposition);  %  yield  =  82;  IR 
(Nujol):  no  carbr  iiy  absorption;  FeCl3  test  +  ve. 


2.6-Diacctvlpvridine  oxime 

.M.  p.  241-242°  C  (EtOH);  %  yield  =  82;  IR  (Nujol):  no  carbonyl  absorption. 


3-Acetvlpvridine  oxime 

M.p.  1 15-1 16°  C  (lit.  10  m.p.  130-135°  C). 


3-HvdroxvmethvlcarbQnvlpvTidine  oxime 

M.p.  132-134°  C;  %  yield  =  60;  IR  no  carbonyl;  FeCl3  test  +  ve. 


2- Acetvl-l-methvlbenzi midazole  oxime 

M.p.  218°  C  (lit.  3  m.p.  218-219°  C);  %  yield  =  72. 

2-(Hvdroxvmethvlcarbonvnpvridine  oxime  ('41 ) 

M.p.l64-1650C;  %  yield=60.  IR  (KBr)  cm’ I;  3300  (br.  OH  stretching);  1650  (s,  C=N) 
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'}[  NMR  (CDCI3)  5:  4.6  (s,  2H,  -CH,-);  7. 3-7.9  (m,  4H,  aromatic  protons);  12.7  (broad,  211,  2  x 
OH). 


!..VBis(Hydro.xvinethvlcarbonvl)pyridine  o.xitne  (43) 


m.p.  I70-172‘’C 
%  yield  =  57 

IR  (KBr)  cm  3300  (broad,  0-H  stretching),  1650  (sharp.  C=N  stretching). 

'H  NMR  (CDCI3)  5:  1.9  (broad,  2H.  2  x  OH);  4.7  (s,  4H,  2  x  C^);  7.3-7.5  (m,  3H,  aromatic 
protons);  14.7  (broad,  2H,  2  x  N-OH). 


m.p.  148-15()'’C 
%  yield  =  63 

IR  (Niijol)  cm  3350  (broad,  O-H  stretching);  1660  (sharp,  C=N  stretching). 

'H  NMR  (CDCI3)  5:  3.3  (s.  3H.  OCH3);  4.8  (s,  2H.  CH^);  7.4-7.8  (m,  4H,  aromatic  protons); 
14.2  (broad,  IH.  N=OH). 


m.p.  156-158°C 
%  yield  =  66 

IR  (KBr)  cm  3360  (broad.  O-H  stretching).  1650  (sharp.  C=N  stretching). 

'H  NMR  (CDCIj)  5:  3.25  (s.  6H.  2  x  OCH,);  4.7  (s.  4H.  2  x  CH,);  7.3-7.8  (m.  3H.  aromatic 
protons);  14,8  (broad,  2H.  2  x  C=N-OH,  exchanged  with  D,0). 


General  Procedure  for  Preparing  Oxime  Methiodides 


Mcthiodides  were  prepared  by  dissolving  the  oximes  in  THF  or  methanol  and  then  adding 
an  excess  of  iodomethane  (3-4  equivalents).  The  solution  was  stirred  at  room  temperature  for  a 
suitable  time;  the  precipitates  were  filtered,  washed  with  ether  and  dried.  The  following  salts 
were  prepared  by  this  procedure: 


2- Acetyl- 1  -methvlbenzimidazole  oxime  methiodide 


m.p.  203-207°C  (decomposed) 
T-  vield  =  90 


3-Acetylpyridine  oxime  methiodide 


m.p.  218-220X 

NMR  (DMSO  6):  4.39  (N-CH3) 
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iiiHvdrQWmcthvIcarbonvnDVTiding  nxime  mrthinHiH<» 

M.p.  1290.1340  C;  1  H  NMR  (DMSO)  6:  4.38  (s.  3H,  *N-CH3);  MS:  m/z  253.9 
(M-30.  7).  152  (L2).  149  (3)  142  (100). 


4.:PiDcridone  oxime  methiodirig 

M.p.  213-2160  C;  %  yield  -  91;  1  H  NMR  (D2O)  5:  3.3  (s,  6H,  +N(CH3)2).  3-55 
(m.  4H.  +N(CH2)2)- 


TroDan-3-one  oxime  methiodidg 

M.p.  235-2620  C  (decomposition);  9c  yield  =  86;  *  H  NMR  (D2O)  5:  3.13.  3.26  (ss, 
6H.  +N(CH3)2).  3.95  (m,  2H,  C(2)il2)- 


2-a-Hvdroxv-trooan-3-one  oxime  methiodide 

M.p.  189-1920  C  (decomposition);  %  yield  =  92;  1  H  NMR  (D2O)  5:  3.34,  3.2  (ss. 
6H,  ■'■N-CH3)2),  5.05  (d,  IH,  C2-H);  X-ray  of  this  compound  showed  a-con figuration  at 

C2. 


■ljLPhenvl-3-(l-Diperdinvl)rroDanone  oxime  methiodide  (Mai 

M.p.  174-1770  C;  %  yield  =  81;  1  H  zNMR  (D2O)  5:  3.18  (s.  3H,  +N-CH3). 


l-Phenvl-3-(l-pvrrolidinvnrropanone  oxime  methiodide  n4a> 

M.p.  178-1800  C;  %  yield  -  78;  1  H  N^IR  (D2O)  5:  3.07  (s.  3H,  +N-CH3). 

Quinuclidinone  oxime  methiodide 

M.p.  258-2600  C  (cecompo.sidon);  yield  =  x9;  NMR  (D-«0);  3.14  fs.  3H,  ■'■N-CH3J 
1  H  NMR  (D2O)  5:  3.14  (s,  3H.  .NCH3). 
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roxymethvi 


yridine  oxime  Methiodide  (41) 


m.p.  l5n-I55'’C 

%  yield  =  50 

'h  NMR  mMCn",*'  "  "  '""'"'"e'-  l«0  (rtArp.  CN  sm.chlng,, 

C,H„N,0,  ,,,c  -  J2 ,63.  M  =  3.74.  N  .  9,32.  Found  ,%,C  =  32.36.  H  =  L.  N  1 

^l:P's(hyd^oxYmethj2lcarbonyl)pvndine  oxime  Methiodide 
m  p.  208-2 10°C 
‘7f  yield  =  56 

If,  C=N  smichiog). 

f  f  NMR  (DMSO-d,):  5. 1  f.s.  3H,  CIL);  4,6  (s,  4H  2  x  CH  )•  7  4  7  X  rm 
r  tj  Kt  n  I  ^  ^ /  (m,  3H,  aromatic  proion.s). 

ms!  N  =  M  52'!''’"""  '  -  «  «>  ''<«'"<'  me  n  32.63,  F3  = 

I  =  34.34. 

^^MethoxymethvIcarbonyDpvridine  oxime  Methiodide  (48) 

m.p.  I60-162X 
To  yield  =  48 

<u  T  *'  '^5  (sharp.  C=N  stretching). 

ni::  TTr -  <'■  -■  ^  <- 

M4:Nf90sT"'4T29 "  = 

^5:BisfMelhoxymeihylcarbonyl)pyridine  oxime  .Methioflidc  (49) 

m.p.  =  I96-I98T 
%  yield  =  52 

m  (KBr)  cm  3320  (broad.  O-H  sliwching).  1660  (sharp  C=N  sireichine) 

H  NMR  (DMSO-d.,  5:  3  ,  (s,  3„,  N-CM,,.  3.3  <s,  6„.  2  ,  OCH,,.  4.7  ,,s,  4(1.  2  .,  .C,,. 
/.4-  /y  (m.  .3H.  aromatic  protons). 

reqmrcs  ,C  =  36  43.  fl  =  4  .3.3,  S  ,  |l,  63.  ,  ,  ,2  ,3  Found  .7  ,C  =  36  36  „  _ 

4  48,  N  =  10.58,  I  =  .  -  .  I 

32.32. 
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Atlempccd  Reactions  Between  Oximes  nnd  Chtoromethyl  Meihyl  Ether 

Four  oximci,  namely.  4-piperidone.  tmpan-3-one.  l-phenyl-,V(l-piperidinyl)-.  and 
l-pheny!-3-(!-pyrTolidinyl)  propanones,  were  treated  with  chloromethyl  methyl  ether,  but  only 
corresponding  hydrochlorides  were  obtained  after  the  work  up  and  recrystallization. 

Attempts  at  Making  Bis  quaternary  Sali.s 

We  are  trying  to  prepare  bis-oxime  quaternary  salts.  The  details  are  given  in  the  follow¬ 
ing  description; 

Preparation  of  bis-l.3-(4  oximino-l-methylpiperidinium)propane  dibrnmide 
MeihrxJ  A  consists  of  the  following  steps: 

Step  I:  Bis-lJ  (4piperidorie)pfopane: 

4-Piperidooe  hydrtxrhloride  monohydrate  (0.02  mole)  was  put  in  a  l(X)  ml  round  bottom 
flask  and  .30  ml  of  methanol  was  added.  I  hen  002  m')lc  of  anhydrous  potassium  carbonate  was 
added  and  the  mixture  was  stirred.  To  the  stirring  mixture  was  slowly  added  a  solutitm  t>f 
1 ,3-dibromopropane  (.01  mole)  m  methanol  ml)  and  the  mixture  was  allowed  to  stir  overnight 
The  next  day,  fTtcthanol  was  evaporated  and  water  arlded;  the  solution  was  saturated  with  KjCO, 
and  extracted  with  CMCI,  to  yield  about  2  5  viscous  oil.  which  was  used  without  purification  in 
the  next  step. 

M.S:  m/z  23«  (M‘  1.2),  ISO  (2  3),  |7')  (II),  !,M)  (10).  I  »')  (|r>).  12h  (7),  112  (KX)),  <><)  (I.M,  ‘^S 
(15).  96(3!) 

Step  11:  1 .3  Pis  (4  oximino- 1  pipen<linyl)propane 

Bis  ketone  (0  01  mole),  oht.iined  in  the  last  step,  was  dissolved  in  meihant'l  ("^  ml)  and 
•idded  Irr  a  solution  of  hvdroxylamine  hvdn'chloride  (0  01  I  mole)  in  meth.irK'l.  The  mixiurr  was 
stirred  for  2  hours.  A  solid  (oxime  hvdnx  hlorulr)  sep.mted  out  of  the  solution.  This  solid  w.is 
dissolvetl  in  w.iter  and  the  solution  w.i*  s.uunied  with  K,('(  ),  The  tisu.il  work  up  using  extrac 
tion  with  methanol  cave  aNitit  gummv  iti.iss 

I  R  nocarhonvl  .ihsorption 

MS  m/z  :6K  (M*.  I  H),  25 1  ( !  2).  I  'S  127  f  KkO.  Ill  (iZi  M.  110  (20).  96  i25).  S,3  (|()),  S2 
I  271.  ’()  f2.M 

Step  III 

f  hr  last  mrntioneil  his  osime  (■('uld  not  .  irld  it-e  i-orrespocdme  nTdiK'tliile  sshen  treated 
•siih  methv!  i.xiide.  Wr  arr  still  ssorkingcm  this  problem  and  are  rrying  to  t  rysiallize  his  oxime. 

MettuKl  B 

To  a  solution  of  4  pipenthme  oxime  (  01  mole)  in  nx-ihanol  w.is  .added  an  excess  of 
1,3  dihromopmpane  and  the  mixturr  was  stirred  u  room  trnifrraiurr  for  several  days.  After  5  6 

dO 


days  a  colorless  crystal  separated  out.  Filtering  the  solid  and  washing  with  cold  ethanol  and 
recrystallization  from  ethanol  yielded  needle-shaped  colorless  crystals;  m.p.  I85-I87’C.  Br  test 
with  AgNO,  VC.  NMR  does  not  help  in  characterization.  The  mass  spectrum  does  not  show 
any  molecular  ion  or  peak  which  could  help  in  characterization  of  the  prrxluct. 

The  sample  of  this  compound  has  been  submitted  for  elemental  analysis,  which  can 
probably  tell  us  about  the  structure. 

Quinuclidinone  oxime  also  gave  crystalline  solid,  m.p.  72-8()"C  (decomposed). 

Attempts  at  Preparing  2  P  Hydroxyiropanone 

The  following  methods  using  trimethylsilyl  and  ether  as  starting  material  wens  trietl: 

Preparation  of  Trimeihylsilyl  and  Fihcr  (12)  from  Tropaiume* 

To  a  solution  of  ^>.^2  g.  (0..1  mole)  of  chlorotrimethylsilane  and  12.12  g.  (16.7  ml,  0  ()6 
mole)  of  triethylamine  (dried  over  LiACIM^  and  distilled)  in  20  ml  of  dimethylformamide  was 
added  70  g.  (005  mole)  of  tropan-'  (ine.  The  resulting  mixture,  from  which  some  pale  yellow 
solid  separated  immediately  and  more  separated  dunng  the  reaction,  was  refluxed  with  stimng 
for  48  hours  and  then  cooled,  diluted  with  100  ml  of  pentane,  and  washed  with  three  50  ml 
portions  of  cold  aqueous  NafICO,.  The  aqueous  layer  was  extracted  with  pentane.  The 
combined  pentane  extract  was  dried  (Mg.SO^)  and  concentrated  under  a  rotary  cvapor.itor  to  yield 
crude  silyl  and  ether,  which  was  punfied  by  vacuum  distillation  and  gave  an  oil. 

T,  yield  -  10. 

(b  p.  9S.1(H)X/25  mmi 
I  R.  (Neat)  cm  16<)0  (C-C  OMe,,Si) 

NMR  (without  using  internal  standard  TM.S)  0(OM  s  (('!![,),  .Si) 

4  68  (IMdC,  M) 

•MS:  m/z:07(M*). 

Oxidation  of  Silvl  F-!nol  F-aher  (12) 


I.  Using  m  chloroperbenzoic  acid  (.MCl’flA)'^ 

Ti'  a  stirred  solution  of  12  in  ('FUf'l.  uont.iining  a  little  NalK'f),)  was  added  I  I 
equivalents  of  H'iT-  MCPRA  (Aldrich)  in  poni(«ns  over  15  20  minutes.  After  the  resulting 
'iiixiure  w.is  stirred  for  1  hour,  .i'|ueous  is  .idiled  to  destros  the  excess  of  t'xide  I  h- 

snitition  was  saturated  with  K,( O,  aiul  then  extracted  with  ether.  Ttie  ether  extract  was  dried 
and  concentrated  in  vacuo  I  R.  and  NMR  spectral  data  showed  the  formation  of  irr'pan  one 
only 
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A  solution  containing  2.0  mmole  of  in  3  ml  of  acetone  was  added  at  -5°C  to  a  mixture 
containing  0.04  mmole  of  osmium  tetroxide  (added  as  a  solution  in  0.91  ml  of  t-butyl  alcohol), 
284  mg  (2. 1  mmole)  of  NMM0*M,0.  and  4  ml  of  HjO  in  9  ml  of  acetone.  The  resulting  mixture 
was  stirred  at  0°C  for  3  hours,  then  allowed  to  warm  to  25'’C  and  stirred  an  additional  6  hours. 
Sodit.M  hydmsulfite  (0.35  g.)  and  florisil  (1.34  g.)  were  added,  and  the  suspension  was  stirred 
and  filtered  to  remove  osmium-containing  material.  The  filtrate  was  acidified  with  sulfuric  acid, 
diluted  with  water  (10  ml)  and  then  hasified  with  KjCOj.  Exmicting  the  solution  with  ether  gave 
tropanone  only. 


III.  Osmium  tetroxidc/pvridine 


To  a  solution  of  j_2  (2  mmole)  in  CH,Clj,  osmium  tetroxide  (2  mmole)  in  pyridine  was 
.added  dropwi.se.  The  mixture  was  allowed  to  stir  overnight.  Work-up  gave  iropan-3-one. 


General  Procedure  for  the  Preparation  of  Butane- 1, 4-Diones  (.^Oa-e) 

To  a  suspension  of  irxlosobenzene  (II  mmol)  in  dry  dichloromelhane  (I(X)  ml)  under 
nitrogen  was  added  boron  trifluoridc  (0.03  mol)  with  stirring.  The  mixture  was  cooled  to  -40®C 
and  then  to  the  resulting  stirred  and  cold  mixture  was  added  silyl  enol  ether  (20  mmol).  The 
reaction  mixture  was  stirred  for  I  h  at  ■40°C  and  then  for  an  .additional  I  h  at  room  temperature. 
During  this  period  the  light  yellow  reaction  mixture  changed  to  a  d.vk  brown  (or  light  green) 
solution,  This  solution  was  hasified  with  a  saturated  .aqueous  solution  of  sodium  hydrogen 
c.arbonaie  and  the  acpieous  layer  was  extr.acted  with  dichloromelhane  x  25  ml).  The  organic 
extracts  were  combined,  dried  (Mg.SO,).  and  concentrated  under  reduced  pressure  to  yielil  the 
crude  prtxluct  which  contained  irxiobenzene  and  small  amount  of  recovered  ketone  (H  as  im¬ 
purities.  Addition  of  ethanol  (5-10  ml)  sep.iraied  the  crystalline  prtxiuct,  Analvfical  samples 
were  prepared  by  rccrystallization  from  a  suitable  solvent.  The  results  of  this  reaction  ott  known 
compounds  are  summarized  in  Table  2. 


Tabic  5.  Butane- 1 ,4-dioncs  (5ia-e)  prepared  by  the  hypervalcnt  iodine  oxidation  of  silyl  enol 
ethers. 


Compd. 

(Yield  %) 

MPIT) 

(Lif|m.p.(°C) 

_13a 

48 

143-144 

144” 

13b 

58 

150-151 

151* 

\3c 

62 

150-151 

150” 

13d 

52 

195- 197* 

13c 

64 

159-160 

158-160'* 

*IR  (Nujol)  cm  1695  (sharp  C=0  stretching) 

'H  NMR  (CDClj)  5:  3.40  (s.  4H.  2  x  CH^).  7.81-8.33  (m.  811.  ammatic  protons). 
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Appendix  I.  Compounds  Submitted  lo  WRAIR 

Sampler  SiihmiKed  for  Test  and  Fvnliiafion 


UlCC  WRAIR  Compound  {'(jmpound 

C(xle  No.  Code  No.  Structure  N.itne 


OP  51 
WR- 108591 


Trt>pan  .1-one  oxime 
melhicxlidc 


2  a  I lydn)xylropnn -.Cone 
oxime  mctliitxiide 


OP-M7 


WR-25.7.';6I 


NOM 


4  Piperidonr  oxitnc 
meihitxiidr 


Ol’  l.M 
WR-25,C554 


<  ( 2"'niK  ridini'nc  oxiinr 
mrthi('dide 


(Jt»nntiiy(2) 


2()p 


M  P 


2.1  ,E 
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Samples  Submitted  for  Test  and  F, valuation 


nice 

('(hIc  No. 


OP  137 
WR-253564 


OP  138 

WRWR-253560 

) 


OP  143 
'VR -2535672 


(;P  231 
WR-253565 

MeO"" 


WRAIR  Compound  Compound  <7' 

Crnle  No.  Sfniemre  Name 


Me 


Non  .  ^ 

II  \A 

C  — CM,CM,-N 

'’V 


Propanonel  1  phenyl-3  ( I 
piperidinyDI  oxime  melhiodide 


Propanonel  I -phenyl-  3  (  I - 
pynolidinyDI  oxime  mcthi(Hlicic 


NON 


r 

C-CM,CH,-N 

V 


Me 


~\  Propanonel  1  phenyl  3  (4 

^  morpholinylll  oxime  meihirHlide 


Pr(ipanfme(  I  £  anixyl 
3  (4  lhi('morpholinyl)|  (>xime 
melhiodide 
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Samples  .Siilimilled  for  l  est  and  K\aliialion 


nice  WRAIR  ('(impound 

('ode  No  Code  No  SinKtnre 


Coinpoiind 

Nnine 


(^iinntilvt  -) 


OP  137 
VVR.233564 


C-CH,CM,-N 

d) ' 


Propniioiirl  I  phenyl  Ml 
piperidinyhl  oxime  meihi<nlide 


OP  138 
Ar’R-253560 


C— CH,CH,-N 


Propanoncl  I  phenyl-  3  (  I  - 
pynolidinyD)  oxime  melliicKlide 


(;P  1-13 
WR-253567 


C-CM,CH,-N 


\  Prop.inonel  I  pfienyl  M  1 
9  morpholinvl)|  oxiine  melhifidide 


(3p:o 

WR-253565 


C  -CM,CM,-N 


Prc'p.incinel  I  £  ,inixyl- 

( 1  ihi('niorphnlinyl)|  (’ximr 

5  methiodide 


-16 


Samples  Submitted  for  Test  and  F.valiintion 


UICC  WRAIR  Compound  Compound 

C(Hle  No.  C(Hle  No.  Structure  Name 


OP  220 

WR-25355I 


NOH 


Me 


EthanoncI  l-{3  pyridinyDI 
oxime  melhiodidie 


OP-205 

WR-253552 


Non 


7  I® 


Me 


Ethanonej  I  •{3-pyridinyl)2- 
hydroxyloxime  melhitxlidc 


rRV-122 
WR- 25.5 1.30 


2,'l-nisoximinotropnnc-3  nne 
mcthitxlide 


f)P  .501 
WR-254739 


I® 


NOII 


2  (Hydroxymcthylcntbouvl) 
pyridine  oxime  methiodide 


Quantily(2) 


I  Op 


0.5  g 


20  p 


47 


/ 

/ 


I 


Samples  Submitted  for  Test  and  Evaluation 


UlCC  WRAfR 
Code  No.  Code  No. 


Compound 

Stnictiire 


Compound 

Name 


Qu.intily(2) 


2,6-Bis{hydroxymethy!carbonyl)- 
pyridine  oxime  methiodide 


2.0  g 


2-(Me{hoxymethyIcarbonyl)- 
pyridine  oxime  meibiodide 


2,6'Bis(mcthoxymeihylcarbonyl) 
pyridine  oxime  methiodide 


2.0  g 


48 


/ 
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